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Abstract 
The paper presents the results of the studies of the functional coatings formed on titanium and its alloys, which 
possess a set of important properties for practical application. The cause and nature of changes in the charge transfer 
mechanism occurring at the hybrid (including the superhydrophobic nanocomposite) coating/electrolyte interface 
were determined. The influence of oxide inclusions and alloying elements, comprising the coatings on the 
electrochemical behavior of surface layers, as well as the intensity of the corrosion process was investigated. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Guest Editors of 
Physics Procedia, Publication Committee of ASCO-NANOMAT 2011 
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1. Introduction 
The plasma electrolytic oxidation (PEO) method can significantly extend the range of practical 
applications of construction materials, modifying the properties of their surface. PEO-coatings having 
good adhesion  to  the  substrate  and a  developed surface  can  serve  as  a  suitable  basis  for  the  creation  of  
composite layers containing organic and inorganic polymeric materials, as well as polysiloxanes. 
Composite (hybrid) coatings can significantly improve the mechanical and protective characteristics of the 
materials, and provide to surface new properties (e.g. hydrophobicity). Typically, the composite coatings 
have a multilayer mesostructure. It was established that charge-transfer mechanism at the composite 
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coating/electrolyte interface determines the electrochemical properties of the coatings. Properties of 
hybrid coatings are determined by their composition and structure, which, in turn, depend on the substrate 
material, formation electrolyte and processing mode. So the charge transfer mechanism should be 
considered together with the chemical composition, semiconducting properties, and morphological 
features of the surface layer. 
2. Experiment  
The commercially pure titanium VT1-0 (99.3 wt.% of Ti) plates with different coatings were used as 
samples. PEO-coatings were obtained in phosphate electrolyte, as described in [1] and demonstrated 
contact angles of about 50q. The samples pretreated by PEO were additionally modified by different 
methods. In the first one the application of the superdispersed polytetrafluoroethylene (SPTFE, Forum®) 
and its low molecular fractions, which are the products of secondary SPTFE pyrolysis, allowed to obtain 
homogeneous and compact coatings with contact angles about 130q [2]. The next type of treatment was 
the immersion of the sample in 2% solution of hydrophobic agent in 99% decane for 2 h. Chemisorption 
of hydrophobic agent on the sample surface and the followed by treatment in an ultrasonic bath in 99.9% 
ethyl alcohol and three times in distilled water for 5 min provided the hydrophobization of the sample, 
with the characteristic contact angle about 108. The superhydrophobic coatings, characterized by contact 
angles higher 160q and rolling angles less than 7q, were produced at ambient conditions by deposition 
from nanoparticle dispersions in decane. The same hydrophobic agent, methoxy-{3-
[(2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctyl)] oxypropyl}-silane, was used to prepare both the 
hydrophobic and the superhydrophobic coatings on the surface of the PEO-layer. The application of 
abovementioned hydrophobic agent allows one not only to decrease the surface energy of coating but at 
the same time to use it as a binder of a nanocomposite coating to the substrate and as a binder between 
nanoparticles. The designed coating is characterized by the heterogeneous regime of wetting which is 
secured by the multimodality of roughness due to aggregation of aerosil nanoparticles. 0.5M solution (pH 
= 7) of chemically pure NaCl in distilled water was used as a testing liquid for both the wetting and the 
electrochemical studies. 
3. Results and discussions 
In our previous works [3-5] the various types of the coatings on titanium were investigated by 
electrochemical impedance spectroscopy (EIS) in order to establish the influence of morphology on the 
charge transfer. The dependencies of the impedance modulus and phase angle on frequency were 
compared with the images of the surface obtained by scanning electron microscopy and atomic force 
microscopy,  and with  the  data  on  distribution  of  the  chemical  composition  through the  thickness  of  the  
coatings. It resulted in the identification of the frequency ranges in the impedance spectra, which shows 
the influence of morphology of the surface layer, its dense nonporous parts, and the heterogeneity of the 
chemical composition of the poreless layer. The analysis of the calculated parameters enables us to 
characterize the influence of the structural features of the surface on the protective properties of these 
coatings. Also the mechanism of corrosion processes in oxide PEO-heterostructures, formed at the surface 
of titanium alloys, and containing inclusions with different chemical stability was studied by 
electrochemical impedance spectroscopy, potentiodynamic polarization and XPS. It was found that in this 
case the corrosion process at the initial and subsequent stages has to be described by various equivalent 
circuits. To improve the corrosion performance we have formed composite layers that possess 
hydrophobic properties. For the formation of the composite layers we used a variety of low molecular 
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weight fractions of organic fluoropolymer with an average particle size of less than 1 micron (Fig. 1) [4, 
5].
Fig. 1. SEM-image of the superdispersed polytetrafluoroethylene 
The application of the superdispersed polytetrafluoroethylene (SPTFE, Forum®) significantly 
improved anticorrosion properties of the surface and the contact angle reached 130q (Fig. 1). By 
electrochemical methods it was found that the mechanism of pore filling can be controlled by using 
certain types of SPTFE oligomeric fractions, temperature and duration of the following heat treatment. 
So, it is possible to reduce the inlets of pores, to create an air lock between the bottom of the pores and a 
layer of polymer, as well as to implement the process of creation of a solid polymer film on the surface. 
The results of investigation of corrosion process caused by the interaction of brine solution with different 
coatings on titanium samples by electrochemical methods are presented in Fig. 2.  
Fig. 2. Sessile drops a-c and the corresponding SEM-images of the surface morphologies of the composite coatings obtained with 
SPTFE 
The analysis of potentiodynamic curves and calculated corrosion characteristics indicates that PEO-
coatings as well as the composite hydrophobic and nanocomposite superhydrophobic coatings 
significantly improve the corrosion characteristics of the substrate material [6]. The positive shift of free 
corrosion potential (EC), multiple increase of polarization resistance (Rp), and decrease of corrosion 
current (IC) by several orders of magnitude, as compared to bare titanium, indicate the essential inhibition 
of the corrosion. The greatest protective properties are demonstrated by nanocomposite superhydrophobic 
sample (curve 4 in Fig. 3, 4), for which EC is more positive than corresponding values for both the native 
oxide (curve 1 in Fig. 3, 4) and the composite hydrophobic layer (curve 3 in Fig. 3, 4). The value of IC for 
superhydrophobic layer is by two orders of magnitude lower than the one for the native oxide and almost 
by an order of magnitude lower than one for the PEO-coating.  
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The combined analysis of the evolution of sessile drop parameters in contact with surface layer jointly 
with the data obtained by electrochemical methods enable us to conclude that joint action of PEO 
treatment and adsorption of hydrophobic agent leads to the inhibition of the corrosion reaction and 
provides the superior anticorrosive behavior of titanium sample. 
4. Conclusions 
The carried out researches revealed the frequency ranges in the impedance spectra that responsible for 
the morphology, chemical composition and mesostructure of the coatings. The effect of fractional 
composition of SPTFE on morphology and electrochemical properties of the protective layers was 
studied. It was found that the mechanism of inhibition for nanocomposite superhydrophobic coatings as 
follows from electrochemical and wettability data is related to very low portion of coating area being in a 
real contact with electrolyte solution, the higher ohmic barrier for corrosion reaction.  
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Fig. 3. Potentiodynamic polarization curves obtained in 0.5M 
aqueous NaCl solution for: 1 – native oxide; 2 – PEO-coating; 
3 – composite hydrophobic coating; 4 – nanocomposite 
superhydrophobic coating 
Fig. 4. Bode-diagrams obtained in 0.5M aqueous NaCl solution 
for a titanium samples with different surface layers: 1 – native 
oxide; 2 – PEO-coating; 3 – composite hydrophobic coating; 4 
– nanocomposite superhydrophobic coating 
